Chemical speciation of ternary complexes of Co (II), Ni (II) and Cu (II) ions with L-Phenylalanine and Maleic acid has been studied by Calvin-Wilson technique at different concentration range of 0 -50% v/v Organic-water mixture maintaining an ionic strength of 0.16 mol•L −1 at 298.0 K. Alkali metric titrations were carried out in different relative concentrations (M:L:X = 1:2.5:2.5, 1:2.5:5.0, 1:5.0:2.5) of metal (M) to phenylalanine (L) to maleic acid (X). The different values of stability constants of ternary complexes were calculated, and various models were refined with MINIQUAD75. The best fit chemical models containing MLXH, MLX and ML 2 X for Co (II), Ni (II) and Cu (II) species were arrived based on stability statistical parameters. The chemical speciation is discussed based on distribution diagrams, drawn using HYSS HYPERQUAD. Effect of errors in concentration of ingredients on stability constants was also studied.
as a nutritional supplement for its reputed analgesic and antidepressant effects.
It is a direct precursor to the neuro modulator phenyl ethylamine, F commonly used dietary supplement. It is an antagonist at higher doses; this may play a role in its analgesic and antidepressant properties. It is the starting compound used in the flavonoid biosynthesis. It is converted to cinnamic acid by the action of enzyme phenylalanine ammonialyase [1] .
Maleic acid (Ma) is an organic compound. It is an unsaturated dicarboxylic acid, a molecule with two carboxyl groups. It is the cis isomer of butene dioic acid, whereas fumaric acid is the trans-isomer. It is mainly used as a precursor to fumaric acid, and relative to its parent maleic anhydride. It is more soluble in water. Ma and fumaric acid do not spontaneously interconvert because rotation around a carbon-carbon double bond is not energetically favorable. However, conversion of the cis isomer into the trans-isomer is possible by photolysis in the presence of a small amount of bromine [2] .
Urea acts as a denaturant of macromolecules but this action is reversible. The denaturing effect of urea on proteins can occur in two ways: 1) Direct interaction of urea molecules with amide and peptide groups, to destroy intermolecular hydrogen bonds and hydrophobic interaction [3] that are involved in the maintenance of ternary structures, and 2) Urea molecules exert their influence through changes in water structure. [4] The increased solubilities of amino acids [5] and hydrocarbons [6] in presence of urea supports the former mechanism. The negative heat capacities of transfer of certain amino acids [7] from water to aqueous urea solution and the increments in the critical micellar concentration [8] of certain surfactants suggest that urea may reduce the co-operative structure of water.
Urea-water mixture was selected as media to maintain the dielectric properties of the medium in comparable levels to those of the physiological fluids since the polarity at the active site cavities should generally be applicable when it is possible to compare ligand binding to the metal ion as in protein residues and solvent environment [9] . This study is undergoing to investigate chemical speciation of ternary complexes of Co (II), Ni (II) and Cu (II) with L-phenylalanine and maleic acid in aqueous and Urea-water mixtures.
Experimental
All the chemicals used were of analytical reagents grade. L-phenylalanine, maleic acid, HCl, methanol, acetone or diethyl ether, triple distilled water, NaOH pellet, hexamethylenetetramine powder, oxalic acid, potassium hydrogen phthalate, borax, Urea, EDTA, acetic acid, 2-amono ethanol, ZnSO 4 ,CoCl 2 , CuCl 2 , NiCl 2 , NaCl, Eriochrome-black. T as indicators, xylenol orange, murexide and sulphone black-F as indicator.
Experimental Procedure

Preparation of Solutions
All solutions were prepared in boiled out triple distilled water. Open Access Library Journal 1) L-phenylalanine and Maleic acid Solutions 0.05 moldm −3 aqueous solution of L-phenylalanine (GR grade, E-Merck, Germany) and maleic acid (GR grade, E-Merck, Germany) were prepared by dissolving samples in water. To increase the solubility of ligands, 0.05 moldm −3 hydrochloric acid concentration was maintained in the solutions. The probable errors that may creep into the concentrations of the stock solutions of the ligands were determined by the computer program COSWT [10] . The pessimistic errors in the preparation of the ligand solutions by weight method did not exceed 0.1%.
2) EDTA Solution
Disodium salt of EDTA was purified by precipitation from aqueous solution using methanol. The precipitate was washed with acetone, diethyl ether and finally air dried. An 0.1 moldm −3 solution was prepared and standardized complex metrically with a 0.1 moldm −3 standard Zn (II) solution using Eriochrome Black-T as indicator.
3) Metal ion Solutions 0.1 moldm −3 aqueous solutions of cobalt (II), nickel (II) and copper (II) chlorides were prepared by dissolving GR grade (E-Merck, India) salts in triple distilled water. The stock solutions were rendered slightly acidic to repress hydrolysis of the metal ions. The concentrations of the metal ions were determined complex metrically by titrating against a standard solution of EDTA using the xylenol orange, murexide and fast sulphon black-F as indicators and hexamethylenetetramine powder as buffer for cobalt to maintain the pH at 5 -6. The free hydrogen ion concentration in the stock solution was determined by Gran plot method [11] .
4) Sodium Hydroxide
A stock solution of 1 moldm −3 sodium hydroxide was prepared by dissolving GR grade (E Merck, India) sodium hydroxide pellets in triple distilled water. The solution was further diluted to the required concentration. The strength of the alkali was determined by titrating it against a standard solution of oxalic acid and potassium hydrogen phthalate, while the molarity of hydrochloric acid was determined with sodium hydroxide. So as to assess the errors that might have crept into the determination of the concentrations, the data were subjected to analysis of variance of one way classification (ANOVA) using the computer program COST (concentration of solution by titration). The strength of alkali was determined using the Gran plot method. The errors in the concentration of ligand, metal ions and alkali were subjected to analysis of variance ANOVA [12] .
5) Hydrochloric Acid
The concentration of stock hydrochloric acid (GR grade, Merck, India) solution was calculated from its specifications (specific gravity, purity and molecular weight) and diluted to the required concentration by dissolving in triple distilled water. Its strength was determined by titrating with standard sodium hydroxide solution. 
Solvent
Analargrade (BDH) urea was recrystallized twice from triply distilled water and was dried at 60˚C for 2 h. A stock solution of urea was prepared by dissolving and appropriate quantity of the purified sample in water and stored in frozen state. The solution was not allowed to stand at room temperature continuously for more than 24 h. GR grade N, Urea (Finar, India) of 99.5% purity was used as a solvent.
Titration Procedure
The pH measurements of the proton-ligand systems were carried out in aqueous 
Metal-Ligand Equilibria
In each of the titrations, the titrand consisted of approximately 1mmol hydrochloric acid in a total volume of 50 mL and the ionic strength was adjusted to 0.16 mol•L −1 with sodium chloride. Solutions containing metal ions and ligands (metal to ligand ratios being in the range of 1:2.5:2.5, 1:2.5:5.0, 1:5.0:2.5 were titrated with 0.4 mol•L −1 sodium hydroxide.
Modeling Strategy
The approximate protonation constants of L-phenylalanine and maleic acid were calculated with the computer program SCPHD [14] . The best fit chemical model for each system investigated was arrived at using non-linear least squares computer program, MINIQUAD75, which exploits the advantage of constrained least-squares method in the initial refinement and reliable convergence of Marquardt algorithm. The variation of stepwise protonation constants (logK) with the mole fraction of the medium was analyzed on electrostatic grounds for the solute-solute and solute-solvent interactions [15] . Open Access Library Journal
Result and Discussion
The results of the final best-fit models that reveal the stoichiometry of the complex species and their overall formation constants along with some of the associated statistical parameters are given in Crystallographic R-test In crystallography, the R-factor (sometimes called residual factor or reliability factor) is a measure of the agreement between the crystallographic model and the experimental X-ray diffraction data. The minimum possible value is zero, indicating perfect agreement between experimental observations and the structure factors predicted from the model. There is no theoretical maximum, but in practice, values are considerably less than one even for poor models, provided the model includes a suitable scale factor. Hamilton's R factor ratio test is applied in complex equilibria to decide whether inclusion of more species in the model is necessary or not. In pH metric method the readability of pH meter is taken as the Rlimit, which represents the upper boundary of R beyond which the model bears no significance. When different values are obtained for models containing different numbers of species, models whose values are greater than R-table are rejected. The low crystallographic R values given in Table 1 indicate the sufficiency of the model [19] .
Skewness Skewness is a measure of the symmetry in a distribution. Conceptually, skewness describes which side of a distribution has a longer tail. If the long tail is on the right, then the skewness is rightward or positive; if the long tail is on the left, then the skewness is leftward or negative. In otherwise, if the skewness is greater than zero, the peak of the error distribution curve is to the left of mean and the peak is to the right of the mean if skewness is less than zero. The values of skewness recorded in Table 1 are between −0.15 and 0.17 forCo (II), −1.00 and 0.60 for Ni (II) & −0.36 and 0.32 for Cu (II) in Urea-water medium. This data evince Open Access Library Journal that the residuals form a part of normal distribution; hence, least-squares method can be applied to the present data [20] .
Kurtosis
Kurtosis is a measure of whether the data are heavy-tailed or light-tailed relative to a normal distribution. For an ideal normal distribution kurtosis value should be three (mesokurtic). If the calculated kurtosis is less than three, the peak of the error distribution curve is flat (platykurtic) and if the kurtosis is greater than three, the distribution shall have sharp peak (leptokurtic). The kurtosis values in the present study indicate that the residuals form leptokurtic pattern.
Effect of Systematic Errors
In order to rely upon the best-fit model for critical evaluation and application under varied experimental conditions with different accuracies of data acquisition, an investigation was undertaken by introducing pessimistic errors in the influential parameters. The results of effect of pessimistic errors in the concentrations of alkali, mineral acid, ligands and metal are given in Table 2 which In order to rely upon the best chemical model for critical evaluation and application under varied experimental conditions with different accuracies of data acquisition, an investigation was made by introducing pessimistic errors in the influential parameters like concentrations of alkali, mineral acid, ligand and metal. The order of the ingredients that influence the magnitudes of stability constants due to incorporation of errors is alkali > acid > MA > Phe > metal ( Table 2 ). Some of the species refined in the absence of errors were even rejected when errors were introduced in the concentrations. One or more of MLXH, MLX and ML 2 X species were rejected depending upon the magnitude of error as given in Table 2 . The rejection of species and increased standard deviations in the stability constants on introduction of errors confirm the appropriateness or correctness of the experimental conditions (concentrations of ingredients) and the choice of the best fit models.
Stability of Ternary Complexes
The formation of mononuclear unprotonated binary and ternary complexes from a mixture of metal ion (M) and primary (L) and secondary (X) ligands can be shown as the equilibria given in (1).
(1)
Reasons for extra stability of ternary complexes
The change in the stability of the ternary complexes as compared to their binary analogues was quantified [21] [22] [23] [24] based on the disproportionation constant (logX) given by Equation (2) corresponding to the equilibrium.
Under these equilibrium conditions one can expect 50% ternary complex and 25% each of the binary complexes to be formed and the value of logX was reported [25] to be 0.6. A value greater than this accounts for the extra stability of MLX. Another approach [26] to quantify the stability of ternary complexes was based on the difference in stability (ΔlogK) for the reactions ML with X and M (aq) with L and X, where L is primary ligand and X is the secondary ligand. It is compared with that calculated purely on statistical grounds. Open Access Library Journal formulated based on the properties of the cyclic systems reported earlier [27] from which it is clear that both the ligands in the ternary complex influence mutually to the same extent.
The electrostatic theory of binary complex formation and statistical arguments suggest the additional coordination positions of given multivalent hydrated metal ion available for the first ligand than for the second. Hence, the usual order of stability
applies. This suggests that ΔlogK should be negative, although several exceptions [28] have been found. 
Effect of Solvent
The The greater the electrostriction around the species associating on account of purely electrostatic forces, the more exothermic the reaction will be. The structural changes exerted by a given metal cation on its solvation shell depend not only on its charge and radius, but also on its individuality.
Distribution Diagrams
Distribution diagrams were drawn using the formation constants of the best fit model and are shown below.
Organic Water-Media
A perusal of the distribution diagrams (Figures 2(A) and also due to interaction of binary species with ligand species (Equilibrium 5 and 6). MLXH 2 species has not been detected probably because it is less stable or quickly deprotonated to MLXH at lower pH whereas for the formation of MLX − , Equilibria 7 is relevant because the pH at which the concentration of MLXH decreases, MLX − increases in the pH range of 2.0 -5.1. ML 2 X 2− is formed by the interaction of metal ion with to XH 2 , LH species and one XH − species (Equilibrium 8, 9 and 10). The existence of ML 2 X and the absence of MLX 2 may be due to the higher affinity of LH than XH towards the metal ion.
Structures
In aqueous solutions, Co (II), Ni (II) and Cu (II) are coordinated by six water molecules. Amino nitrogen can associate with a proton at physiological pH.
There is often significant competition between proton and metal ion for this donor site, resulting in the formation of protonated species. Depending upon the nature of the ligands and metal ions and based on the basic chemical knowledge, Open Access Library Journal structures of the complexes are shown in Figure 3 . The Cu (II) ion forms distorted octahedral or square planar complexes due to Jahn-Teller effect. 1) In this study, species detected as MLXH, MLX and ML 2 X for Co (II), Ni (II), and Cu (II) where L = F and X = Ma. The active forms of these ligands are: 2 LH + , LH and L − for F and XH 2 , XH − , X 2− for Ma.
Conclusions
2) The ∆logK values indicate that the ternary species have extra stability compared to their binary species, may be due to the interactions outside the coordination sphere, such as the formation of hydrogen bonds between the coordinate ligands, Charge neutralization, chelate effect, stacking interactions and electro static interaction between non-coordinated charge groups of the ligand.
3) The linear increase in conditional stabilities of ternary complexes with decreasing dielectric constant is due to the dominance of electrostatic force.
4)
Effect of systematic errors in the influential parameters shows that the errors in the concentration of alkali and mineral acid were found to affect more than that of the ligand did.
5)
The study gives an insight in to the metal availability/metal transport in bio fluids and toxicity of these metals. The ternary complexes and more amenable for "metal transport" because of their extra stability and the binary complexes make the "metal available" in biological system due to their decrease conditional stability.
6) The pre dominant species detected at physiological PH is MLX for Co (II), Ni (II) and Cu (II) where L = F and X = Ma. 
